THE DESIGN. CONSTRUCTION AND INVESTIGATION 
OF A TESLA TURBINE 


by 

Audley B* Leaman 


Thesis submitted to the Faculty of the Graduate School 
of the Uniter tfity of Maryland in partial 
fulfillment of the requirement* for the 
degree of Master of Science 


1950 



THE DESIGN, CONSTRUCTION AND INVESTIGATION 
OF A TESLA TURBINE 


by 

Audlay B. Leaman. 


Tkeai* aubmitted to the Faculty of the Graduate School 
of the University of Maryland in partial 
f ulf indent of the requirernents for the 
degree of Maater of Science 


1950 



ACKNOWLEDGEMENT 


Appreciation is expressed to Professor Charles A. 
Shreeve, Jr., of the College of Engineering, of the Univer- 
sity of Maryland, for technical assistance and advice and 
to Mr. Carl A. Jones for aid given in the construction of 
the turbine. 



TABLE 0? CONTENTS 


page 

INTRODUCTION 1 

THEORY CP OPERATION 3 

DESIGN . 5 

CONSTRUCTION 8 

INSTRUMENTATION . 9 

SUMMARY CP RESULTS 13 

CONCLUSIONS 18 

BIBLIOGRAPHY 19 

APPARATUS 20 

APPENDIX 


Construction 21 

Plates. 25 

Figures 28 

Tables 52 

Calculations ... 69 



IV 


LIST OF PLATES 


Plate 

1. The Component Earta of the Turbine 


page 
. 25 


2 . The Component Parts with the Discs Assembled 


on the Shaft 25 

3. The Assembled Turbine in the Mount 26 

4. The Turbine and Dynamometer Set up 26 

5. Machining the Housing 27 

6. Brhaust Passages Being Milled . . 27 



LIST OP FIG IRES 

Figure page 

1. Sectioned View of the Turbine 20, 

2. Sketch Showing Location of Bozzle and Graphical 
Method of Finding Suitable Angle of Divergence.. 30 

3. Air Flow Vs Jfencmeter Readings 31 

4. Output Vs Efficiency 32 

5. Output Vs Air Flow and Air Rate 33 

6 • Output Vs Pre ss urea 34 

7. Speed Vs Efficiency, Rough Discs, Original 

Bearings 35 

8. Speed Vs Eff Ic iency. Rough Discs , Hew Bearings . . 36 

9. Speed Vs Efficiency, Smooth Discs 37 

10* Speed Vs Output, Rough Discs 38 

11. Speed Vs Output, Smooth Discs 39 

12. Speed Vs Torque, Rough Discs, New Bearings....*. 40 

13. Speed Vs Output & Torque, 40 & 50 psi. Rough 

Discs, Original Bearings 41 

14. Speed Vs Output k Torque, 60 pai. Rough Discs, 

Original Bearings 42 

15. Speed Vs Output k Torque, 70 psi. Rough Discs, 

Original Bearings 43 

16. Speed Vs Output k Torque, 40 & 50 psi. Rough 

Discs, New Bearings.. 44 

1 7. Speed Vs Output k Torque, 60 pci. Rough Discs, 

Hew Bearings * . • 43 

18. Speed Vs Output & Torque, 70 pat. Rough Discs, 

Hew Bearings 46 

19. Speed Vs Output & Torque, 80 psi. Rough Discs, 

Hew Bearings 47 

2 0. Speed Vs Output & Torque, 85 psi. Rough Discs, 

Hew Bearings 48 



VI 


LIST CP FIGURES 


Figure 

21* Speed Vs Output & Torque, 50 psi, Smooth Discs. 

22. Speed Vs Output & Torque, 70 psi, Smooth Discs. 

23. Speed Vs Output & Torque, 85 psi. Smooth Discs. 


page 
.. 49 
. . 50 
.. 51 



LIST OF TABLES 


VII 


Table page 

1. Rough Discs, Row Bearings, 40 psi 52 

2. Rough Discs, Ifow Bearings, 50 psi 53 

3. Rough Discs, New Bearings, 60 psi 54 

4. Rough Discs, New Bearings, 70 psi 55 

5» Rough Discs, Hew Bearings, 80 psi 56 

6. Rough Discs, New Bearings, 85 psi 57 

7 . Rough Disc 8 , Original Bearings, 40 psi 58 

8* Rough Discs, Original Bearings, 50 psi 59 

Rough Discs, Original Bearings, 60 psi 60 

10. Rougi Discs, Original Bearings, 70 psi 61 

11. Smooth Discs, 50 psi 62 

12. Smooth Discs, TO psi 63 

13. Smooth Discs, 85 psi 64 

14. Orifice Calibration, 40 psi 65 

15. Orifice Calibration, 60 psi......... 66 

16. Orifice Calibration, 80 psi..... 67 

17. Orifice Calibration, 100 psi 68 



VIII 


CALCULATION 


page 

Design of Housing..... 69 

Design of Kozzles 70 

Design of Exhaust Fassages 73 

Stress Analysis of Discs 75 

Air Flow Calculations 77 

Input Calculations .. 78 

Output Calculations 79 

Efficiency 80 



1 


INTRODUCTION 

It was desired to construct and test a Tesla type tur- 
bine. The design to be similar to that of Mr. R. K. Warner, 
for hia thesis of Jtme, 1949 (ref 1), with the following al- 
terations : 

In place of the two rotating discs and the single nozzle, 
a series of discs and nozzles were to be used. This should 
not complicate the design to a large extent, but it should 
give a larger output and probably a higher efficiency. A 
part of the added efficiency would be due to the lower per- 
centage of windage losses. 

Par the *bearings, a ball type was to be used rather than 
the Jaumel type. Mr. Warner noted that the bearing friction 
was very high In his unit. The ball bearings should measur- 
ably reduce the friction losses. 

An investigation of surface roughness was to be conduct- 
ed. Testing with both rough and smooth discs. 

Divergent section nozzles were to be designed and con- 
structed to attempt to reduce the expansion losses. 

The Tesla Turbine was invented and patented by Nicola 
Tesla. The applies tion was filed in January 1911 and the 
patent was not approved until May, 1913 (ref 6). During 
the intervening time, a William A. Scott had a similar type 
of turbine patented. Scott’s machine used a smooth surfaced 
discs with a serrated circumference. Shortly after Tesla’s 



patent was granted, a William W. Wonner obtained a patent 
for another turbine which had about the same design as those 
menticned above. Wonner ''s unit, instead of the smooth discs, 
had numerous holes drilled through the discs. 

The Tesla Tbrbine is a hoieing containing a series of 
discs keyed to a shaft. A .let of compressible fluid is di- 
rected toward the disc and tangential to the periphery. This 
fluid tends to carry the discs with it and gives rotation to 
the shaft. 

The simplicity of operation and construction overshadows 
any ether type of turbine, but the efficiency is low and it 
seems as though there has been no a ttempt to improve on the 
turbine in the past 35 years. As can be seen from the comp>- 
enent parts, the construction is very simple. There being no 
blades, vanes or shrouds to be designed and machined which 
would consume time and expensive operations. 

In operation, this type of turbine would be very appli- 
cable In marine operation, Where a quick reverse is required. 
The large and cumbersome reversing gears would be eliminated 
as reversing noszles could be installed in the housing. To 
reverse the machine, one va lve is closed and another opened. 

The versatility of the unit is shown by the fact that 
Tesla built a unit very similar to the turbine, placed it in 
an involute ea sing and propelled it with a motor. When acting 
as a pump, the unit had a high ea pacity and head. 
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THEORY OF OPERATION 

It Is a known fact that all fluids possess, among other 
properties, those known as adhesion and viscosity* Due to 
these, a body moving through such a medium win encounter 
■lateral* or "skin resistance*, which is two-fold. One due 
to the shock of the fluid against the solid, the other to 
the resistance to molecular separation. As a consequence, a 
body moving through a fluid will drag with It a certain a- 
mount of the fluid. Conversely, if the body is placed in the 
fluid, which is moving, the fluid will tend to propel the 
body in the direction of motion. Hicola Tesla ((ref 6) ap- 
plied these observations to the propulsion of fluids and 
their use as motive agents* 

The Telsa Turbine (Fig. 1) comprises a series of flat 
rigid disc* fE), keyed to a shaft CD) and held in position 
by a thre a ded nut. The disc* have some type of exhaust 
ports CBl 1 near the inner portion. There is a casing (F) 
surrounding the discs, which contains bearings ((?); at the 
ends and nozzles (A) or ports, at the periphery. 

Consider now the fluid, under pressure, passing through 
the nozzles, the discs will be set in rotation, the fluid 
will travel in a spiral with a continuously decreasing vel- 
ocity and exhaust through the ports at the inner portion of 
the discs. If the shaft was rotating in frictionless bear- 
ings, the rim would attain a speed closely approximating 
that of the fluid and the spiral path would tend to be a 



4 long one. If a load is applied the disc speed would be re- 
tarded and the path of the fluid would be shortened. 

Due to various causes affecting the performance, no set 
rule would be universally applicable, but it may be generally 
stated that the power output will be directly proportional to 
the square of the relative velocity of the fluid to the disc, 
the affective area and inversely proportional to the spacing 
between the discs. The maximum economy will be had when the 
•lip# between the fluid and the disc. Is at a minimum* 

The actual path of the fluid is not known. It is assum- 
ed to be a spiral from the periphery to the center of the 
discs, where it is exhausted. It is also assumed that the 
length of this path depends on the speed of the discs. When 
operating at a low speed with high torque, the relative veloc- 
ity is high, which gives a greater drag and transfers most of 
the energy to the disc. This energy transfer tends to re- 
duce the velocity and pressure of the fluid as it travels 
toward the exhaust porta near the center of the disc. If the 
load is decreased and the speed increased, the path of the 
fluid is Increased in length due to the greater centrifugal 
force on the botmdry layer, tending to oppose the movement 
toward the center. The relative velocities are smaller and 
leas energy is transfered from the fluid to the surface, per 
revolution of air jet. 



DESIGN 


The *Iza of the emit was limited, due to the size of 
the machinery used, which la located in the Machine Shop of 
the Ohiverslty of Maryland, and the air capacity to be used 
to run the unit. A disc diameter of approximately five inch- 
ea waa uaed, aa this would make the caaing about five and one 
half inchea in diameter and the lathee uaed would awing only 
six inchea over the carriage. 

Tlhe number of diaca and the nozzle sizes were calculated 
using an air capacity of 20 cfm, although it waa later dis- 
covered that the new compressors in the Engineering building 
had a displacement of 82 cfm and an approximate capacity of 
70 cfm. If thia had been known sooner, a more powerful unit 
would have been deaigned, uaing either larger or more nozzles. 
Calculations for the number and aize of nozzles may be found 
in the appendix. 

The design of the shaft waa based on the required cross: 
sectional exhaust area and the inner diameter of the bearing 
to be uaed. As the turbine was to have more than two discs, 
the problem of exhausting the air was more complicated than 
was true with respect to Mr. Warner's unit (ref 1). One 
method would have been to cut holes in the inner portion of 
the diac, thus exhausting toward one or both ends of the shaft. 
This method was used by Mr. Warner. It tends to limit the ro- 
tational speed due to a weakening of the discs and also some 



of the surface area Is lost, which reduces the possible power 
output. The other method, which was adopted, has the air 
passing through the walls of the shaft into the inner passage 
and exhausting from the end. The passage* from the spaces 
between the disc® into the shaft were calculated to give an 
exhaust velocity of approximately 100 fpm. These calculations 
may be found in the appendix. 

As Mr. Warner had found that the bearings were a critical 
factor, as far as the power output was concerned, it was dec- 
ided tap use ball bearings instead of the lournal type. A set 
of New Departure number 3207 bearings were located in the store 
room of the Machine Shop* These were of a large enough size 
to admit the shaft and leave enough room for the exhaust pas- 
sage. There was to be very little load on the bearings, so 
their design was not developed in great detail. 

The casing wall thickness was not critical since the 
pressure inside was to be only a few pounds above atmospheric. 
Calculations were made and the casing is well within safe 
limits. So far as strength is concerned, the walls could have 
been of much thinner material. However, the thicker wall was 
regarded as necessary in order to be drilled and tapped. There 
was in attempt to locate a piece of aluminum stock, but this 
failed and steel was used instead. The aluminum would have 
cut down considerably on the weight and it would also have been 
easier to machine* 

The design of the nozzles, size of nozzles and stress an- 
alysis of the discs may be found in the appendix. 



For the spacing between the discs, Mr. Warner^s paper 
showed the best conditions were found when the nozzle exit 
diameter was equal to the disc spacing. The nozzle exit 
diameter in our case was G.0T9 inches and the disc spacing 
was taken as the same value. 



8 


CONSTRUCTION 

The construction of the Turbine was carried out in the 
Mechanical Engineering Machine Shop* of the University of 
Maryland. The details and methods of construction may be 
found in the appendix. 
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INSTRUMENTATION 

The method of measuring power In a unit the size of 
thi# one become* quite a problem* Here we have fractional 
horsepower and high rotational speed. There are various poa- 
aibilitiea such as; the prony brake, fan brake, water brake 
and electric dynamometer . Moat of there methods would not be 
feasible to measure powers as low as expected, at high rota- 
tional speed* The method decided on was the use of a high 
speed electric motor, being driven as a generator. This gives 
ns two possibilities, one would be the measurement of the out- 
put of the generator and then the calculation of the lasses. 

The second method would be the mounting of the motor on bear- 
ing* and measuring the torque developed, when the field is sep- 
arately excited. This was the method chosen, as it eliminates 
the calculation of losses in the generator. 

TWo scales were used to measure the torque and were dis- 
carded as not giving enough accuracy. The first was a chem- 
ical balance, this was not used because the attempt to balance 
it took too much time, and it di d not give accurate reading* 
when the torque arm was rosting on the pan* The second scale 
was a platform type, which measured to values of two hun- 
dredths of a pound, hut the scale was tofe small to read ac- 
curately. The third scale tried was a torsion spring mounted 
ooi a board and calibrated to read to one one -hundredth of a 
pound and could be approximated to one one -thousandth of a 



-|q pound* This seal© seemed to read fairly accurately and wag 
used to measure tke torque developed by the turbine. 

To regulate the speed of the turbine, the field was ex- 
ternally excited by using an automotive battery and regulat- 
ing the current with a variable resistance in series with the 
field windings. To save time, the armature leads were shorted 
rather than connected to a load. This tended to make the dyna- 
mometer heat up faster, but as the length of the runs were 
fairly short, this did not affect the operation of the turbine 
or the dynamometer. 

The rotational speed was measured by the use of a stro- 
fretae, It was noticed that the high speed range was not work- 
ing properly, but the replacement of the bulb remedied this. 

It was not possible to use a tachometer for the measurement of 
■peed. The dynamometer was connected to one end of the shaft 
and the exhaust passage exits at the other end, leaving no place 
to connect a tachometer. 

In order to obtain the efficiency of the engine it was 
necessary to have some means of measuring the amount of air 
passing through the turbine, at any set pressure. It was de- 
cided that an orifice could be made and calibrated in such a 
way as to give us what was required. The orifice used was 
constructed in the machine shop of the University of Maryland. 

A pipe union was placed on the ends of £ inch pipes and a 
piece of aluminum with a 3/gf inch diameter, sharp edged hole 
was placed between the sections of the union. The pressure taps 
were placed one diameter upstream and l/2 diameter downstream 



(ref , 7 ). A "tE" Tube mercury manometer was used for pressure 
measurement i. The orifice was then calibrated in the Steam 
Laboratory of the University of Maryland, using a Worthington 
steam driven air compressor, which discharges to the atmos- 
phere through an orifice of known calibration. The unknown 
orifice was placed in the air line between the surge tank 
and the regulating valve, this would give about the same con- 
dition* at we would have when the orifice was placed between 
the regulating valve and the turbine. The compressor was run 
at constant pressures and varying flows. Readings? were taken 
of the pressure drop across both orifices, the pressure in the 
surge tank, inlet and outlet temperatures and the atmospheric 
pressure, Vhlues of flow were plotted against pressure drop 
across the orifice at constant pressures. By the use of these 
curves, the quantity of flow at atmospheric conditions may be 
found at any pressure and manometer reading. This quantity 
may then be corrected to the pressure and temperature of the 
air flowing in the turbine. These curves may be found on 
Figure 3 in the appendix. 

The constant pressures for the test runs were regulated 
by the use of a DeVibliss Air Regulator which was installed 
in the Bn gine Laboratory of the University of Maryland, The 
source of air was a stationary air conpresaor in the basement 
of the Engineering Building, This compressor has a displace- 
ment of approximately 75 cfm. The inlet air temperature was 
measured with a thermometer placed in a thermometer-well in 
the inlet air pipe. 



It was desired to ®ee what effect surface roughness of 
the disc* would have on the operating conditions of the tur- 
bine, at various throttle settings. Throttle settings were 
made with the used of the air regulator and the speed was var- 
ied by setting the field resistance. 
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SUMMARY OP RESULTS 

Only in the case of 40 psig. could a no-load speed be 
measured. This occured because at higher pressures the speed 
increased to a value well above that which was considered 
safe. Because of this, there was no attempt to take values 
of no-load speed vs throttle setting. 

Prom the curves in the appendix, it may be seen that a 
marked increase in torque, power and efficiency may be had 
for an increase in pressure, or an increase in throttle set- 
tings (Fig. 4, Output vs Efficiency; Hf, 6, Output vs Pres- 
sure; Fig. 12, Torque va Pressure.) This is as expected as 
the turbine runs because of viscous effects of the fluid 
passing between the discs, or we can say due to the boundry 
layer between the disc and the air, tending to resist the 
effects of shear forces. This effect increases as the rel- 
ative velocity increases. The increase in relative velocity 
is due to the greater expansion through the nozzle, which 
gives a larger change in enthalpy. The nozzle velocity 
equals 225.7 \/£h , where Ah is the change in enthalpy. This 
increase in nozzle velocity at a constant wheel speed gives 
a greater relative velocity. It may also be noted from the 
plot of Speed vs Torque (Figures 12-23) that the torque de- 
crease* as the rotational speed increases. From the curve, 
this decrease tends to be a straight line function. Accord- 
ing to the formulas for the drag on a surfaoe this variation 



should be proportional to the square of the relative velo- 
city and it would seem as though the torque should decrease 
in a curve of this form* One explanation of this effect 
would be the assumption of different lengths of the air path. 
As was discussed in the Theory of Operation, at low speeds 
the air may make only one or two spirals about the shaft be- 
fore being exhausted, while at the higher speeds the length 
of this path is increased due to centrifugal force on the 
foundry layer. This action tends to give a larger affective 
area, said area being proportional to the square of the dia- 
meter of the spiral paths, thereby transferring more power to 
the disc. The various curves for torque, power and efficiency 
are similar to those received from a steam turbine. 

Referring to the plot of output vs speed for the rough 
discs, (Pig. 10), the values of the output for the lower pres- 
sures can be seen to be much higher when the original bear- 
ings were being used. In the case of 40 and 50 psig. this 
difference is close to 100$. At 60 psig. there is about a 
50# difference, but the values at 70 psig. are very close 
to being equal, for either set of bearings. 

If we now turn to the plot of Output vs Pressure (Fig. 6) 
it may be noted that the output increases with pressure at a 
much more rapid rate when using the new bearings. 

The plot of Efficiency vs Output ('Pig. 4) also shows a 
large differential when using the new bearings-. The turbine 
with the original bearings having a peak efficiency of 8# 
with an output of 45 w«tts. With the new bearings, the max- 



imum efficiency is 8.6^ and is obtained In the vicinity of 
80 watte output. 

Hoting the Willans Line and Air Rate curves, (Fig. 5), 
we again see this variation caused by using the different 
bearings. The performance being much better when the new 
bearings are in age. 

The probable explanation of these variations Is the 
difference in the bearings. The original bearings had been 
obtained from the store room of the machine shop. It was not- 
ed at the time that they were somewhat corroded, but an attempt 
wag made to use them in order to reduce expenses. These bear- 
ings evidently had been used previously and were worn enough 
to make the balls loose in the races. On April 5, 1950, while 
testing the turbine, the ball* started to vibrate heavily 
within the races, completely halting the unit. 

A number of test runs had been made with the original 
bearings, using the rough discs only, and it was decided to 
see what kind of data had been taken. The differences, noted 
above, are caused by the original bearings being worn and 
loose. At low pressures', when there was very little load on 
the unit, the bearings ran satisfactorily, and since they 
were worn, they offered less friction than the new bearings. 

H owever, when the load was increased, at a higher pressure, 
the balls tended to vibrate, raising the friction coefficient 
and reducing the efficiency. 

By comparing the curves of the rough discs with those of 
the smooth, it appears as though the power output and effic- 
iency of the smooth discs at lower pressures are a little 



1 g higher than those of the rough discs, (Figures 8-11} It is 
the author c s opinion that this is due to inaccuracies in the 
measurement of the torque on the scales, and the dynamometer 
mounting. The dynamometer is not mounted as accurately as it 
should he, and a slight rotation of the motor in the mounts 
may vary the torque by a few thousandths of a pound. This 
slight variation in torque when operating at 5 to 10 thousand 
rpm will make a large variation In power output and efficiency. 
The movement of the dynamometer in the mounts took place when 
the turbine was removed from the mount to change from the 
rough to the smooth discs. When it was replaced a slight 
difference in setting may have been made. 

noting the plot of Efficiency vs Output (Fig. 4), it may- 
be seen that the values of the efficiency for the smooth discs 
fit In closely with the values plotted for the rough discs, 
new bearings. This same tendency may be seen on (Pig. g) Air 
Flow CWilIan , s Line} and Air Rate vs Output. These facte tend 
to confirm the above statements about the differences in val- 
ues for the rough and smooth discs. If time had permitted, a 
sturdier cflynamometer mount would have been constructed and re- 
tests made. 

It was decided that a pressure measurement inside the 
casing would be a good check of the design of the nozzles. 

A hole was drilled in the periphery of the casing and a "’a"' 

Tube mercury manometer connected. This measured the pressure 
differencial between the atmosphere and the inner casing. 

It was found that the pressure varied with the throttle pres- 



sure, being higher at a greater pressure, which is natural. 

And the pressure also varies with the rotational speed. The 
variation is from 1 to 6 inches of mercury, or about 0*5 to 
4 ptfi gage* The nozzle has been designed for an exit pressure 
of 20 pel abe., so it seems as though we are getting condit- 
ions which closely approximate the design condition* An ex- 
planation of the variation of pressure with speed will coin- 
cide with the explanation of the variation of torque with 
speed* The centrifugal force is acting on the boundry layer, 
forcing it away from the center in a radial direction,, there- 
by raising the pressure at the circumference* 

A comparison of the results received with those obtained 


by Mr, Warner (ref.l)^ 

The Author r s 
Results 

Mr. Warner r s 
Results 

Maximum Output , Watts- 

87 

2T.5 

Maximum efficiency, # 

ff.ff 

2,9 

Air Flow #/ h r. 
at design pressure 

61.5 

133. S’, 
theoretical 

Ka— toad Speed, RFM 

not reached, 
(above 9000) 

7500 


It may be seen from the above data that there is a con- 
siderable improvement in the second design. The power output 
and efficiency are both very close to being tripled In the 
later design. 
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CONCLUSIONS 

When comparing the differences between the two tur- 
bines, it may be seen that the differences in bearings, 
nozzles, and number of discs has made an excellent in- 
crease in performance of the Tesla Turbine. It appears as 
though farther development along these and other lines, 
would increase the power and probably the efficiency to 
greater values. 

Per future development, it would be recommended that 
a similar unit be designed in which some method of measur- 
ing the air path, through the turbine, is incorporated. 

Since there is now a larger air capacity available, a unit 
having a larger air flew could be constructed. This would 
be possible with the author's unit by the addition of extra 
nozzles, or by the construction of a larger unit having more 
discs and nozzles. It may also be interesting to make the 
design in such a way as to make the nozzles adjustable, so 
the angle may be changed. 
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APPARATUS 


Air Compress or - Ingers oil -Rand Company, Type 30, Sise 

5/5/3^ x 4, Model 15TE Serial Number 
30 T 103042 

Air Compressor - Worthington 7 x 6§ by 3^- x 7 inch 

Driven by Warthingtcn 7 x 6f inch 
Steam Engine 

DeVibliss Type HL Air Transformer 

Strobotach - General Radio Company, Type 631 -B, Serial 
Number 11308 

Variable Resistance 

Willard 6 -volt Automotive Storage Battery 
Victron 12-volt D. C. Motor 

Manometer - "TT n Tube Mercury, 10* GPDC, Standard Gland packed 
Meriam Instrument Company 

Thermometer - 0 to £12 degree P 

Calibrsted Torsion Spring Scale 
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CONSTRUCTION 

The complete construction of the unit, with one excep- 
tion, was carried out in the Machine Shop of the University 
of Maryland, College Park, Maryland, The materials were 
those available in the shop and not necessarily the best 
suited for the purpose* The materials at hand were used as 
it would have taken too much time to order them from outside* 

The sequence of operations in the construction as des- 
cribed here may not be the quickest, best or the most econom- 
ical, but changes could be made if the unit w«s to be manu- 
factured on a large scale*. Certain parts were made first 
only because the material was most available. Other material 
was being located while these parts were being constructed. 

The shaft was made of 1Q20 steel* First the outside 
diameters were turned, each end being made to fit the inner 
diameter of the chosen bearings. The center section con- 
tained shoulders to hold the discs in place axially and was 
turned to fit the inner diameter of the discs. The exhaust 
passage was then drilled and bored. Threads were cut on the 
exhaust end of the shaft to mate the nut, which holds the discs 
against the shoulder. The shaft was then placed on the mil- 
ling machine and by using the vertical head and end milling 
cutters, the exhaust passages and the three keyways were cut. 

The discs were made of medium carbon steel, 3/l6 w boil- 
er plate. Discs of approximately six inches in diameter 



were cut from the plate by the use of an acetylene torch. 

They were Individually set up In a lathe chuck and drilled, 
bored and reamed to fit a specially constructed mandrel. 

Ihen mounted on the mandrel, they were turned to a diameter 
of 4.&50 inches, giving a clearance of 0.025 inches betweeen 
the disc and the casing. After the turning operation, they 
were faced to a thickness of 0.140 Inches, leaving 0.015 
Inches for grinding. The grinding operation was carried out 
in the Indtifftrial Education Shop, where the discs were finish- 
ed to a thickness of <3.125 inches. It became necessary to 
grind the discs, because being of thin material, they would 
bend away from the tool, and were not a constant thickness. 

The grinding operation remedied this condition. Pour of the 
discs were set up on the milling machine and 36 60-degree 
grooves were milled radially on both faces, at a depth of 
0.015 inches. They were then set up on the lathe and three 
l/l6 x l/EP inch keyways were cut, spaced 120 degrees apart, 
on the inner diameter* 

The spacers were first made of a low carbon steel. 

There were six "T*® shaped and three "T" shaped pieces to be 
made* These are used as a combination key and spacer to 
secure the discs on the shaft and at the same time keep the 
proper spacing between the discs. These were constructed on 
the seven inch shaper. It was found, when these were used 
and the nut was tightened down on the discs, the spacers 
were damaged somewhat, changing the spacing. The original 
spacers were discarded and new ones made of high carbon steel 



drill rod, which was then hardened and tempered. These were 
satisfactory. 

The nut was constructed to hold the discs axially on 
the shaft and also act as a shoulder for the bearings. The 
inner diameter was drilled and bored and threads cut to mate 
the threads cm the shaft. The outside was turned to the pro- 
per dimension and a small hole drilled to be used with a span- 
ner wrench for tightening the nut. 

The casing was made in two pieces, one bored to receive 
the discs and the shaft, and the other a flat plate which is 
used as an end or cover plate. It would have been desirable 
to us© aluminum for these parts in order to reduce the weight 
®f the turbine, but aluminum was not available, so low carbon 
stesl was used. The housing, which we will call the larger 
piece of the casing, was turned out of a piece of stock nine 
inches in diameter and three inches thick. This was the only 
available piece of material of sufficient size. It was placed 
in the metal saw and cut to an octagonal shapje approximately 
seven inches across the flats. The stock was then placed in 
the lathe and turned to six inches in diameter. The inside 
was bored to a diameter of S.©©® inches and a depth of 0.767 
inches, which gives 0.G15 inches clearance at each end of the 
casing. On the outside of the housing, a bearing retainer was 
turned to receive the outer diameter of the ball bearings that 
were to be used, and a hole was bored to admit the shaft. 

The cover for the housing was also made of low carbon 
steel. It was turned to a diameter of five and one half inches 



24 and a bearing retainer and hole were turned in the same 
manner as on the housing. 

Bearing covers were made to fit over the bearings and 

fastened to the retainers. 

The various parts were drilled and tapped in order to 
fasten them together. 

Brass stock was used for the construction of the noz- 
zles. This offered a soft material for machining, which, 
was required, as the tools were small and delicate. A 3/l6 
inch boring tool was ground to give the correct inlet radius, 
and a drill was ground to the taper required for the diver- 
gent section. Threads were cut on one end of the brass rod 
to fit l/4 inch tube fittings. The rod was turned to l/4 
inch diameter for approximately two inches on the other end 
and was then drilled through to the correct diameter for the 
throat section. The entrance was bored to the proper depth 
and radius, and the exit section was formed with the tapered 
drill*. 

The housing was then placed on the milling machine and 
by using the vertical head and end milling cutters, holes 
were located and milled in order to p&ace the nozzles cor- 
rectly in. the rim of the housing. 

The nozzles were then fastened in these holes. Brazing 
was first attempted, but one of the nozzles was burned out. 

It was then decided to solder them in place. The housing was 
again set up on the milling machine and the nozzles were 
milled off flush with the inner surface of the housing. 





Plata 2. The Component Parts of the Turbine 


Discs assembled on the shaft 







Flat® 4. The Turbine and Dynamometer Set-up 





Plate 5. Machining the Housing 



Plate 6. Exhaust Passages being milled 


in the Shaft 
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NOMENCLATURE OF PARTS AND DESCRIPTION OF FIGURE 1 

A - Nozzle 
B - Disc 

C - Key and Spacer 
D - Shaft 

E - Exhaust passage 

F - Housing 

C? - Ball Bearings 

H - Cover Plate 

I - Bearing Retainers 

J - Assumed Path of the Fluid 
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FIGURE 2 


HOUSING 



NOZZLE 


DISC 


CENTER OF DISC 


SKETCH SHO.VINCi LOCATION 
OF NOZZLE AND ‘'RAPTTICAL 
lf E7F0r CD FTN r INC SUIT- 
ABLE ANCLE OF DIVERGENCE 


DOUBLE SIZE 
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TABLE I 

Pressure 40 psig. Rough Discs Now Bearings 
Orifice Manometer Readings 0.25 inches of Hg . 


XIr 


RPM 

Torque 

#rt. 

Temperature 

*F 

Input 

Watts 

Output 

Watts 

Eff . 

f 

710 

0.028 

76 

451 

2.82 

0.63 

1050 

0.024 

IT 

IT 

3.51 

0.78 

210® 

0.02© 

TV 

» 

5.9T 

1.32 

257© 

©♦©IT 

n- 

R. 

5.72 

1.27 

270© 

G.0U& 

i» 

n> 

4.59 

1.02 

407© 

0 .006 

78 

452 

4.67 

1.03 

445© 

©.GOT 

IT 

n 

4.42 

®.S8 

475© 

0.006 

It 

« 

4.04 

0.9® 

515® 

Unable 

to read due to 

vibrations. 

Maximum Speed. 


Air Plow 0*008® #/see. or 52.2 #Ar. 
Air Rate 4.86 #Aatt. hr. 
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TABLE II 


pressure 50 gaig. 
Orifice Manometer 

Rough Disc* 
Reading 0*20 

Hew 

inches of 

Bearings 

Hg. 


RFM 

Torque 

Air 

Temperature 

Input 

Output 

Eff . 


# ft. 

°F 

Watte 

Watt a 

% 

660 

0*033 

7® 

56© 

3.09 

0*55 

1060 

0.032 

B/ 

itf 

4.82 

0*86 

157® 

O'* 031 

m 

Bi 

6*92 

1*24 

2340 

0*031 

m 

B: 

10*30 

1*84 

3200 

0*025 

»i 

560 

11*38 

2.03 

4000 

0*022 

78 

»i 

13*07 

2*33 

soao 

0*021 

» 

Bi 

14. SI 

2.66 

620® 

0.01© 

if 

B 

15*85 

2*® 

7000 

0.01® 

n 

It 

17*87 

3. IS 

7350 

0 *016 

it 

ft 

16*70 

2*98 

8000 

0*012 

» 

ft: 

13*63 

2*43 

8P7QO 

0*009 

m 

It 

11*13 

1*99 


Calculated values: 

Air Flow 39.9 #Ar. 

Air Rate 2.35 #/watt hr. 
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TABLE III 


Pressure 60 gsig. 

Roufth 

Discs 

New 

Bearings 

Orifice 

14anometer Reading 0.35 

inches of 

Hg 


RPK 

Torque 
# Ft. 

Air 

Tempe gat ure 

Input 

Watts 

Output 

Watts 

Eff. 

% 

640 

0,049 

78 

620 

4.53 

0.73 

990 

0.049 

n 

it 

6.83 

1.11 

1500 

0.048 

n 

it 

10,21 

1.65 

2120 

0.048 

w 

H 

14.45 

2.33 

2650 

0.046 

n 

If 

17.30 

2.79 

3750 

0.045 

78 

620 

24.50 

3.95 

4400 

0.041 

n 

it 

25.62 

4.13 

6000 

0.035 

n 

it 

29.85 

4.82 

7000 

0.031 

n 

it 

30.78 

4.97 

7300 

0.031 

M 

n 

32 . 15 

5.1® 

7500 

0.030 

II 

n 

31.95 

5.15 

7800 

0.028 

78 

620 

31.01 

5.00 

8000 

0.027 

n 

H 

30.07 

4.95 

8200 

0.026 

n 

If 

30.15 

4.87 

8400 

0.025 

n 

n 

29.75 

4.78 

8600 

0.024 

ii 

it 

29.30 

4J73 

8800 

0,024 

78 

620 

29.90 

4.82 

8900 

0.023 

it 

ti 

29.02 

4.68 

9000 

0.022 

ti 

ti 

28.10 

4.53 


Calculated values: Air Flow 44.3 #/hr, Air Rate 1.40 #/watt hr 
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Pressure 70 Psig Rough Disc* New Bearings 

Orifice Manometer Reading 0.40 inches of Hg. 


RPH 

Torque 
# ft. 

Air 

Temperature 

op 

Input 

Watts 

Output 

Watts 

Eff . 

670 

0.061 

76 

762 

5.81 

0.76 

1480 

0.069 

it 

tt 

14.50 

1.91 

1950 

0.067 

n 

tt 

18.54 

2.44 

2300 

0.064 

78 

764 

20.90 

2.74 

2740 

0.060 

n 

n 

23.35 

3.06 

3450 

0.060 

79 

765 

29.45 

3.85 

4050 

0.059 

n 

n 

33.90 

4.43 

4600 

0.058 

u 

tt 

37.90 

4.95 

5000 

0.054 

n 

it 

38.30 

5.02 

6300 

0.052 

n 

m 

46.50 

6.08 

6600 

0.051 

79 

765 

47.80 

6.24 

7200 

0.049 

ti 

it 

50.20 

6.55 

7600 

0.048 

it 

tt 

51.80 

6.77 

8000 

0.044 

tt 

Tt 

50.10 

6.54 

8200 

0.044 

n 

ft 

51.20 

6.69 

8500 

0.043 

79 

765 

58.80 

6.77 

es@o 

0.042 

n 

n 

52.40 

6.87 

9000 

0.041 

n 

n 

52.40 

6.87 

9200 

0.041 

rt 

tt 

53.50 

7.00 


Calculated Values: Air Flow 51.5 #/hr. Air Rate 0.97 #/Watt hr 
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TABLE V 


Pressure 80 Fsig. Rough Discs New Bearings 


Orifice Manometer 

Reading 0.45 

inches of Hg. 


RPM 

Tcrque 
# ft. 

Air 

Temperature 

Op 

Input 

Watts 

Output 

Watts 

Eff . 
$ 

970 

0.080 

78 

875 

11.02 

1.27 

1380 

0.079 

n 

n 

15.45 

1.77 

1940 

0.078 

n 

tt 

21.50 

2.46 

2400 

0.079 

tt 

tt 

26.90 

3.08 

3100 

0.070 

if 

it 

30.80 

3.52 

4000 

0.070 

IT 

tt 

39.70 

4.54 

4200 

0.069 

79 

976 

41.20 

4.71 

4400 

0.069 

if 

it 

43.10 

4.92 

4900 

0.068 

it 

n 

47.30 

5.41 

6000 

0.066 

rt 

tt 

56.20 

6.42 

68.50 

0.064 

n 

n 

62.20 

7.10 

7250 

0.061 

80 

877 

62.80 

7.17 

7550 

0.060 

tt 

tt 

64.20 

7.33 

8000 

0.055 

n 


62.50 

7.13 

8750 

0.052 

ti 

« 

64.70 

7.38 

9000 

0.052 

rt 

tt 

66.40 

7.48 

9200 

0.052 

80 

877 

67.80 

7.74 

Calculated values 

; Air Plow 

58.7 #/hr 





Air Rate 

0.85 #/watt 

hr 




TABLE VI 
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Pressure 85 Fsig Rough Discs New Bearings 

Orifice Manometer Reading 0.47 inches of Hg. 


RFM 

Torque 
# ft. 

Air 

Temperature 

op 

Input 

Watts 

Output 

Watts 

Eff . 

% 

950 

0.086 

78 

975 

6.38 

0.88 

1920 

0.085 

n 

n 

23.10 

2.38 

2730 

0.082 

n 

f! 

31.75 

3.26 

4200 

0.080 

79 

976 

47.70 

4.89 

4900 

0.080 

t» 

n 

55.70 

5.71 

6650 

0.071 

If 

ri 

67.20 

6.88 

7500 

0.067 

80 

977 

71.20 

7.28 

800Q 

0.064 

n 

it 

72.70 

7.35 

8500 

0.064 

» 

it 

77.20 

7.90 

8800 

0.063 

it 

n 

78.70 

8.07 

9000 

0.063 

it 

n 

80.40 

8.24 


Calculated Values: Air Plow 61.2 #/hr 


Air Rate 0.69 #/watt hr. 
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TABLE VII 


Pressure 40 Bsig Rough Discs Original Bearings 

Orifice Manometer Reading 0.24 inches of Hg. 


RPM 

Torque 
# ft. 

Air 

Temperature 

°F 

Input 

Watts 

Output 

Watts 

Eff 

1 

675 

0.034 

78 

451 

3.26 

0.72 

1110 

0.036 

it 

tt 

5.68 

1.26 

1625 

0.035 

tt 

tt 

8.18 

1.79 

2290 

0.032 

79 

451 

10.42 

2.35 

2570 

0.030 

it 

a 

10.95 

2.43 

27*0 

0.035 

80 

452 

13.74 

3.05 

3170 

0.028 

n 

n 

12.62 

2.80 

3250 

0.027 

81 

ti 

12.47 

2.77 

3570 

0.020 

» 

n 

10.15 

2.25 

4800 

0.015 

ii 

tt 

10.25 

2.27 

5200 

0.012 

n 

IT 

8.87 

1.97 


Calculated Values: Air Flow 32.2 #/hr 

Air Rate 2.48#/watt hr. 



TABLE Till 
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Pressure 50 psig 

Rough Discs 

Original 

Bearings 

Orifice 

Manometer 

Reading 0.32 

inches of Hg 


RFM 

Torque 
# ft. 

Air 

Temperature 

op 

Input 

Watts 

Out out 
Watts 

Eff . 
% 

660 

0.050 

83 

537 

4.68 

0.87 

1460 

0.050 

n 

n 

10.37 

1.95 

2020 

0.050 

R 

n 

14.34 

2.67 

2700 

0.049 

It 

tt 

18.78 

3.50 

3300 

0.049 

It 

ft 

22.95 

4*28 

3800 

0.047 

tt 

tt 

25.32 

4.73 

4300 

0.046 

84 

537 

28.08 

5.23 

4800 

0.045 

r 

tt 

30.70 

5.72 

5350 

0.043 

it 

tt 

32.70 

6.08 

5750 

0.040 

ti 

H 

32.70 

6.08 

5950 

0.039 

t! 

tt 

32.90 

6.13 

6550 

0.039 

84 

537 

36.30 

6.76 

6800 

0.038 

n 

tt 

36.80 

6.85 

7400 

0.039 

n 

tt 

40.80 

7.62 

8000 

0.039 

n 

n 

44.20 

8.22 

8400 

0.035 

n 

n 

41.70 

7.75 

8600 

0.035 

it 

tt 

42.70 

7.94 

8700 

0.034 

84 

537 

42.00 

7.82 


Calculated Values: Air Flow 40.7 #/hr 

Air Rate 0,96 #/watt hr. 
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TABLE IX 


Pressure 60 Psig Rough Discs Original Bearings 

Orifice Manometer Reading 0.38 inches of Hg. 


RPM 

Torque 
# ft. 

Air 

Temperature 

Op 

Input 

Watts 

Output 

Watte 

Eff . 
% 

920 

0.062 

79 


623 

8.12 

1.30 

1435 

0.058 

it 


it 

11.83 

1.90 

1930 

0.055 

n 


it 

15.08 

2.42 

2100 

0.057 

ti 


« 

17.02 

2.73 

2780 

0.055 

n 


n 

21.72 

3.48 

2980 

0.053 

81 


624 

22.48 

3.61 

5220 

0.053 

ti 


it 

24.28 

3.90 

3900 

0.051 

n 


tt 

28.25 

4.53 

4540 

0.050 

n 


ti 

32.25 

5.17 

5000 

0.049 

it 


u 

34.75 

5.57 

5350 

0.048 

81 


624 

36.50 

5.85 

6100 

0.050 

it 


H 

43.30 

6.95 

6700 

0.049 

it 


H 

46.70 

7.48 

7000 

0.048 

n 


It 

47.70 

7.65 

7500 

0.045 

n 


n 

47.80 

7.68 

8000 

0.042 

n 


« 

47.70 

7.65 

8500 

0.041 

81 


624 

49.46 

7.94 

Calculated Values 

: Air 

Plow 

44.3#/hr 





Air 

Rate 

0.92 #/watt 

hr. 




TABLE X 
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Pressure 70 Fsig Rough Discs Original Bearings 

Orifice laancroeter Reading 0.40 inches of Hg 


RPM 

Terque 
# ft. 

Air 

Temperature 

op 

Input 

Watts 

Output 

Watts 

Eff . 

i 

970 

0.075 

79 

765 

10.35 

1.35 

1550 

0.062 

R 

n 

13.68 

1.79 

1960 

0.060 

n 

n 

16.74 

2.19 

2600 

0.070 

tt 

ti 

25.90 

3.38 

3600 

0.062 

78 

765 

31.75 

4.15 

4000 

0.067 

n 

H 

38.15 

4.98 

4400 

0.065 

n 

t» 

40.70 

5.32 

4800 

0.062 

ti 

» 

42.30 

5.53 

6000 

0.055 

M 

R 

39.10 

5.12 

5500 

0.059 

R 

W 

46.20 

6.04 

5700 

0.050 

79 

765 

40.60 

5.31 

6000 

0.057 

n 

tt 

48.70 

6.36 

6500 

0.055 

H 

Tf 

50.80 

6.64 

6900 

0.052 


n 

51.00 

6.67 

7300 

0.055 

tt 

n 

57.20 

7.47 

7500 

0.050 

79 

765 

53.30 

6.97 

7800 

0.045 

it 


49.90 

6.53 

Calculated Values 

: Air Flow 

51. 5# /hr 





Air Rate 

0.95 #/watt 

hr. 




TABLE XI 


Pressure 50 Psig Smooth Discs New Bearings 


Orifice Manometer Heading 0.29 

inches of 

Hg. 


RPM 

Torque 
i ft. 

Air 

Temperature 

Op 

Input 

Watts 

Output 

Watts 

Eff . 

i . 

620 

0.032 

80 

569 

2.81 

0.49 

1330 

0.C37 

it 

n 

6.97 

1.22 

1950 

0.035 

81 

569 

9.70 

1.71 

2350 

0.031 

n 

ti 

10.34 

1.82 

2850 

0.029 

H 

tt 

11.75 

2.07 

3100 

0.029 

82 

568 

12.78 

2.25 

3650 

0.029 

it 

it 

15.02 

2.64 

4000 

0.028 

n 

ti 

15.92 

2.80 

4450 

0.029 

it 

ri 

18.32 

3.22 

4850 

0.028 

n 

n 

19.27 

3.39 

5600 

0.025 

83 

567 

19.88 

3.48 

6100 

0.023 

n 

tt 

19.93 

3.52 

7100 

0.022 

it 

it 

22.15 

3.91 

8000 

0.020 

n 

n 

22,70 

4.02 

8400 

0.01® 

« 

n 

21.50 

3.80 

8600 

0.014 

if 

n 

17.10 

3.02 

9000 

0.011 

83 

567 

12.80 

2.26 

Calculated Values: 

Air Flow 39 

.5 #/hr. Air Rate 1 

.74 #/watt hr 

>peed 

fluctuations 

, while operating at 

constant 

field current 



TABLE XII 


Pressure 70 Psig Smooth Discs Now Bearings 

Orifice Manometer Refding 0.40 inches of Hg. 


RPM 

Torque 
# ft. 

Air 

Temperature 

Op 

Input 

Watts 

Output 

Watts 

Eff. 

jg... 

710 

0.064 

79 

765 

6.45 

0.84 

1590 

0.065 

ft 

n 

14.67 

1.93 

2250 

0.068 

t» 

n 

21.40 

2.60 

5120 

0.063 

80 

765 

27.90 

3.65 

4000 

0.061 

ft 

ti 

54.70 

4.53 

490® 

0.058 

w 

it 

40.30 

5.28 

5350 

0.057 

81 

764 

43.30 

5.68 

5900 

0.058 

n 

tt 

48.70 

6.24 

6250 

0.055 

» 

tt 

48.80 

6.25 

7400 

0.051 

82 

764 

53.60 

7.01 

7800 

0.050 

n 

Tt 

55.30 

7.24 

8250 

0.048 

n 

ft 

56.20 

7.35 

890© 

0.046 

tt 

ft 

58.20 

7.60 

Calculated Values 

; Air Plow 51.4 #/hr 





Air Rate 0 

.90 #/watt hr. 


Speed fluctuated 

while field current was 

constant. 

Starting 


at 5900, decreased to 5700, raised to 6250, dropped to 5950, 
up to 7800 etc. 
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TABLE XIII 


Pressure 85 Fsig Smooth Discs New Bearings 


Orifice 

Manometer Reading 0.49 

inches of 

Hg. 



RPM 

Torqt® 
# ft. 

Air 

Temperature 

°F 

Input 

Watts 


Output 

Watts 

Eff . 

1060 

0.082 

82 

986 


12.33 

1.25 

1380 

a . 080 

n 

it 


15.68 

1.59 

2160 

0.080 

0 

n 


24.50 

2.49 

290© 

0.079 

85 

1010 


32.50 

3.22 

3920 

0.077 

it 

ii 


42.80 

4.24 

4250 

0.077 

n 

it 


46.40 

4.59 

4900 

0.075 

86 

1018 


52,20 

5.12 

6150 

0.070 

it 

tt 


61.20 

6.00 

6700 

0.068 

n 

ti 


64.7© 

6.35 

7100 

0.069 

ti 

tt 


69.70 

6.84 

7600 

0.066 

88 

1034 


71.20 

6.88 

8000 

0.066 

ti 

n 


74.90 

7.24 

8250 

0.065 

n 

tt 


76.20 

7.37 

8450 

0.065 

90 

1053 


77.90 

7.38 

8700 

0.064 

n 

it 


78.90 

7.48 

Calculated Values: 

Air Flow 64 

.8 #/hr, Air Rate 0. 

76 #/watt hr 

Speed fluctuations 

, set at 6700, dropped 

to 

6600, 

raised to 


760©, dropped to 7300, raised to 8000, dropped to 7650, raised 
to 8400, dropped to 8100, raised to 8750, then started to 


drop off in the same manner. 



TABLE XIV 
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ORIFICE CALIBRATION 


Surge Tank 

Pressure 

40 Fsi g Room Conditions 76°F, 

14.7 psi 

Temperatures 

Known 

Unknown 

Flow 

Op 


Orifice 

Orifice 


Tank 

Exhaust 

Fsi 

in. Hg 

cfra 

86 

78 

0.72 

0.30 

8.42 

m 

78 

0.90 

0.37 

9.38 

92 

78 

0.88 

0.35 

9.28 

95 

79 

0.96 

0.39 

9,70 

101 

79 

1.35 

0.55 

11.52 

101 

80 

1.18 

0.47 

10.73 

104 

80 

1.52 

0.62 

12.18 

105 

82 

2.75 

1.20 

16.40 

105 

82 

2.04 

0.86 

14.12 

111 

82 

3.42 

1.53 

18.22 

110 

82 

2.46 

1.05 

15.50 

110 

83 

2.32 

0.98 

15.03 

110 

83 

2.95 

1.28 

16.95 

112 

85 

4.50 

2.05 

20.90 

112 

83 

3.75 

1.62 

19.11 

112 

83 

4.15 

1.86 

20.08 

112 

84 

5.00 

2.45 

22.05 

112 

84 

4.16 

1.85 

20.08 
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TABLE XV 


ORIFICE CALIBRATION 

Surge Tank Pressure 60 Fsig Room Conditions 76°F, 14.7 psi 


Temperatures 
Tank Exhaust 

Known 

Orifice 

Psi 

Unknown 
Orifice 
in. Hg 

cfm 

124 

85 

3.82 

1.25 

19.25 

124 

85 

3.75 

1.23 

19.08 

124 

85 

3.32 

1.07 

17.95 

126 ■ 

86 

3.70 

1.20 

18.92 

125 

86 

0.92 

0.25 

9.42 

125 

86 

2.40 

0.75 

15.25 

125 

06 

1.45 

0.45 

11.85 

125 

86 

1.15 

0.35 

10.42 

115 

81 

1.12 

0.30 

10.45 

113 

81 

1.83 

0.55 

13.83 

118 

81 

2.02 

0.63 

14.04 

118 

81 

2.21 

0.68 

14.68 

129 

84 

2.10 

0.63 

14.28 

129 

84 

3.65 

1.20 

18.83 

126 

84 

2.82 

0.90 

16.55 
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TABLE XVI 


ORIFICE CALIBRATION 


Surge Tank Pressure 80 

Pslg Room 

Conditions 76 °F, 

14.7 psi 

Temperatures 

Known 

Tfeikncnrn 

Flow 


op 

Orifice 

Orifice 


Tank 

Exhaust 

Pel 

in. Hg 

cfm 

142 

m 

6.42 

1.73 

24.90 

142 

86 

3.35 

0.72 

18.02 

146 

86 

2.66 

0.70 

16.04 

147 

87 

2.65 

0.70 

16.04 

147 

87 

2.55 

0.62 

15.72 

147 

87 

2.40 

0.60 

15.23 

147 

87 

1.42 

0.32 

11.72 

146 

88 

1.75 

0.43 

13.02 

141 

89 

3.18 

0.80 

17.52 

141 

89 

3.00 

0.77 

17.05 

142 

89 

3.78 

0.92 

19.07 

142 

89 

4.05 

0.96 

19.78 

141 

89 

5.15 

1.40 

22.25 
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TABLE XVII 


ORIFICE CALIBRATION 


Surge Tank 

Pressure 

100 Psi. Roam 

Conditions, 

76 °F, 14.7 

Temperatures 

Known 

"""Unknown 

Flaw 

oP 


Orifice 

Orifice 


Tank 

Exhaust 

psi 

in. He 

cfm 

142 

89 

2.12 

0.39 

14.28 

142 

89 

234 

0.63 

16.85 

142 

89 

1.52 

0.26 

12.08 

143 

89 

1.90 

0.30 

13.54 

143 

89 

3.20 

0.64 

17.53 

143 

89 

3.60 

0.82 

18.65 

143 

89 

3.76 

0.85 

19.07 

143 

89 

4.40 

0.93 

20.58 

140 

89 

4.90 

1.00 

21.69 
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DESIGN OP HOUSING 

Uli© Critical pressure in the nozzle will be 0.53 time 
the line pressure. The pressure will decrease through the 
divergent section at the nozzle. Therefore, the housing 
could be designed far 2S0 p*ia. For a factor of safety* in 
ease the nozzles are net correct and the pressure Is above 
the designed value, the casing will be designed for 7b psia. 


* 0*35 

* 75 psi 

* 14, aero p«i 
s Thickness 

t * 0*25 in. 
d^» 5.00 im. 
d gh 5 . 50 in . 
F = 75 pel 


Fcr the ends or the cover plates 
t = ki d y/ F/Sd (ref .3) 
t * 0*35x6 \/~7S/l4 p 0®® 


t * 0*154 inches 


*1 

F 

S & 

t 


The Hoop Stress r (ref. 3 ) 

s r F (X-SuMl ~ Cl«u)d| 



- df). 


8 - 837 p*i. 
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DESIGN OF NOZZLES 

In designing the size of the unit, that is the number 
of discs and nozzles, it was decided to have a nozzle be- 
tween each two discs. This would give us one more disc than 

nozzle. 

Our compressor capacity is 20 cfm and assuming standard 
c end it ions : 

Specific volume v * HT/P » 53.3x520/14.7x144 

▼ = 13.1 cu. ft. /lb. R? * 53.3 

T: » 0 F abtr. 

P = Psi sbs. 

leigh r s Flew/ Specific Veltme 
w s 20/l3.1x60 
w s 0.0255 #/see. 

From Air Tablis (ref. 5} 


T 

h 


F 

520 

28.7 

2.5Q4 

100 

328 

-17.2 

0.501 

20 


Ah * 45. 2 BBXT/lb. 

The exit velocity C ~ 223.7 \J Ah 
C sr 1512 ft/sec Theoretical velocity 
By assuming three nozzles and four discs, we can now 
calculate the size of the nozzles. 

Knowing the total flow of air, we divide by the number 
of nozzles and get the flow per nozzle, which is 0.0085 #/sec 
The Specific Toltuae at the exit is RT/F. 
v * 53.3x328/20x144 



v * 6.07 cu.ft./lb 
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The Area of the nozzle exit section: 

A * v w/ C * 0.00496 sq. in. 

The diameter of the exit section: 
d « / 4 A/tr 
d * 0.079 In. 

By not assuming a nozzle coefficient and tslng 20cfm as 
oar air capacity, the compressor will not have to run con- 
tinuously. If we had assumed a coefficient and the value was 
lower than the actual value, the turbine would require more 
air at the throttle than the compressor could supply. 

Assuming isentropic expansion and knew ing that the 
critical pressure at the throat is 0.53 times the Jine 
pressure s 

Fi'i = 

t/'k 

% = 

Tfcg Z 3.025 cu. ft. /lb*. 

Again from the Air Tables: 


T 

h 

% 

F 

520 

28.77 

2.504 

100 

414.5 

3.50 

1.325 

53.3 

Ah 

= 25.27 BTU/lb. 


0 

- 223.7 v/Ah 


c r 

= 1122 ft/sec. 



The area of the throat: 

A z w Vg/C « 0.0085x3.025x144/1122 


A — 0.0033 sq • in. 
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The diameter of the throat: 


d * v 4 A /tr s Q*065 in* 

If the usual angle of divergence fcr a nozzle had been 
used, the nozzle would have been too short. This angle is 
usually between 6 and 12 degrees. When a 6 degree angle was 
calculated, the length of the nozzle was about 0.05 inches. 
Because of this, the nozzle length was obtained graphically. 
The disc and nozzle were drawn double size CFig. 2} and a 
satisfactory length was found to be a. 50 inches from throat 
to exit diameter. A radius of l/l6 inch was used at the 
entrance. 
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DESIGN OF EXHAUST PASSAGE 

When exhausting axially through the shaft. It became 
necessary to cut through the walls Into the exhaust passage. 
It Is necessary to know how much area is needed to get an 
exhaust velocity of approximately 10Q ft/min. 

Assuming a velocity of 100 ft/mln.., we have 20 cfm or 
0.88 cfs per disc space, or 0.11 #/sec/disc space. 

T?he area required through the shaft walls: 

A ” Plow/veloc ity - 0.11x144/100 
A = 0.158 sq. in. 

Using the inside diameter of the shaft, which is one 
inch, and allowing l/8 inch for each of the three keys and 
l/8 inch on each side of each key, this gives us 1 l/8 inch,. 
Substracting 1.125 inches from the inner circumference which 
la d cr 3.142 inches we have 2. 017 inches, which is the 
length of the slot, the width being the distance between 
the discs. 

A - length x width ~ 2.0ITX0.079 
A I 0.160 sq. in. 
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DESIGN OP EXHAUST PASSAGE 

If we use an exhaust velocity of loo ft/sec with the 
known flow of G.33 cfs of air at atm. pressure: 

Exhaust Area - Flow /Velocity 
A s 0 .33/100 

A s 0.0033 sq. ft. or 0.475 sq. In. 

The Exhaust Diameter 
d = / 4 A /fr 
<§ r 0.778 inches 
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STRESS ANALYSIS OP THE DISCS 

The Teal a Turbine has a hi#i rotational speed and 
therefore the eft sc s must be manufactured of a material which 
will withstand large tensile stress, due to centrifugal for- 
ces. 

The material used it a medium carbon steel with a max- 
ima allowable tension stress of approximately 60,000 psi. 

Befcre operation it becomes necessary to calculate the 
maximum safe speed. From ref. 2, page 667, we have: 

t r 5 3.31 Ot/icrao ) 2 (r| + r| - R§R§ /r 2 - r 2 ) Cl) 

Where r is any radius 

is the inner radius 

Rg is the outer radius 

H is the rotational speed 

f. is the radial stress 
r 

For maximum stress : 

df/dr must be set equal to zero 

df/dr Z 3.31 (N/lOOO) 2 (2 r| R 2 / r 3 - 2r) 

r 4 : r| r| 



By using the above solution and substituting in equation 
Cl), and using 10,000 RPM as K we have: 

f r s 3.31x100 (o.563 + 6.12 - 1 - 3.45) 
f p Z 1265 pel, which is well within limits. 
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It can be seen from the equation (ref. 2) that the 
maximum f^ will occur at the center or the inner radius. 
f t = 1.91 (N/lOOO) 2 (1.74 (R 2 * r| + R 2 r| / r^-r 2 ) % 
f t - 191 (1.74 (12.24) }. 
ft - 40,000 psi 

This is below the ultimate strength, but the tffiit will 
not be run faster than 9,000 RP® as an additional factor of 

safety* 
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AIR FLOW CALCULATIONS 

Using the manometer reading recorded during the 85 Psig. 
rough disc, test run, we use Figure 3 to find the flow at 
atmospheric conditions, V * 13.6 cu. ft. per min. 

We then compute the Air Flow, #/ hr. using the perfect 
gas equation. 

PT = wRT where: P - psi abs. 

w I PV/ RT Z ^13 .6x144x60 V - cfm 

5373x53$ 

w - #/ hr 

w s 61.2 #/ hr 

H I 53.3 

T " °F abs. 

Using this computed Air Flow, we may then compute the 
Air Rate. 

Air Rate = Air Flow/ Output = 61.2/87 

Air Rate = 0,69 #/ watt hr. 
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INPUT CALCULATIONS 

Using the values of Air Plow computed on the preceding 
page, we can calculate the input to the turbine. Knowing the 
pressures and temperatures, we are able to use the Air Tables 
(ref. 5) and calculate the energy liberated by the air when 
it expands through the turbine. 

T & P r P 

538 33.09 2.821 100 

312 -21.22 0.417 14,7 

hfa - 54.31 BTU/lb 

Converting Btu to watts, we know 0.707 Btu/sec - 746 

watts; 

1 Btu/sec = 1055 watts 

Converting the Air Plow to #/sec, we can calculate the 
input. 

Input - h x w x 1055 
Input r 975 watts 
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OUTPUT CALCULATION 

When us ing the motor as a dynamaneter, the equation 
used for calculating the output is the same as it would be 
if a Prony Brake had been used. 

Watts = HPx746 =(2trTN/33,000)^ 4fa 

Where 

T r Torque #ft. 

N - Rev. per, 
min. 

Using the data from Table 6: 

T = 0.064 # ft. Ms 0000 RFJ€ 

Output = 746x6 * 28x0 .064x8000/ 33 , 000 
Output s 75&.70 watts 


4 

f 


5-3 8H5 
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EFFICIENCY 


The overall efficiency in the total output divided by 
the total input : 

Efficiency = Input/ Output - 85/975 
Efficiency : 8 * 24 % 



